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Wc, Solar Aircraft Company, a carpcH-ar- 
xion of the State of Califoniia^ United Statues 
of America^ of 2200, Pacific Highway, San 
Diego, CalifcHi3ia» United States of Axneiica, 

5 do hereby declare the invention, for which we 
pray that a patent may be granted to us., and 
ihc method by which it is to be performed* to 
be pardcularly described in and by the foJiow^ 
ing statement: — 

10 The present inventioii relates to apparatus 
comprising relatively movable parts and space 
scaling or filling means interposed between 
such parts. 

Tlie problem of preventing damage due tc* 

15 contact between relatively rotating and 
stationary parts operating with small dear- 
anccs which are necessary to effect sealing has 
existed in the steam turbine field for many 
years. The advent of the jet engine and the 

20 gas turbine has aggravated this proHem 
because of die markedly higher temperatures 
and rotating speeds involved The slight 
unbalance pykting in even the best of these 
power plants may be amplified dangerously 

25 during operation particularly if cridcal vibra- 
tions are encountered at the fundamental 
speed of t^c e"g^"<^ and may produce inter- 
ference between dose fitting labyrinth sesds 
and shafts unless excessive tolerances are used. 

30 Because dE the rdalivdy high mass of both 
the shafts and the prior seals in sudi devices^ 
imnvrtigrf; and sevete localized heating results 
with attendant shaft distortira whidi increases 
the interference and the distordon. Such dis- 

35 tortion can result in severe damage to or com- 
plete failure of the higb speed equipmait 

A ^similaT- problem which die present inven- 
tion is uniquely cfEcctivc in overcoming is pre- 
sented by potential interference between the 

40 tips of rotating compressor or turbine blades 
and die surrounding casing. Contact between 
tile tips C3f the rotating blades and the c asing 
of the ePgi^^ can be, and frequentiy is, pro- 
duced when the blade grows abnormally in 

45 operation or when the casing is slighdy dis- 



torted for any reason sudi as uneven heatmg. 
It is frequently die case that hig^ speed opera- 
don will cause a sljght misalignment of one or 
more of the rotating blades wbidi nmy then 
contact adjacent structure. Because <^ the 
hi^ speed and high mass of the engine com- 
ponent involved^ such ccmtact may ^nse 
extensive damage* 

In an effort to reduce the damage from such 
accidental contacts some blade tips have thin 
sections which sacxifidally protect die majbo. 
section of the blade. However, such sections 
cannot be incoxporated in turbine or com- 
pressor blades without loss of aerodynamic 
effidcncy. . 

In accordance widi the present invention 
these and siTnilar- mechanical and sealing 
problems are solved by die provision of appa- 
ratus which indude a yidding cellular con- 
struction adapted to occupy the space between 
the relativdy moving parts and to yield when, 
the space between die parts becomes less than 
the depth of the structure. The cellular con- 
struction may compri^ a metallic open face 
huneycomb structure attached to a suitable 
support member. Sudi structure may re^udHy 
be fonnsd into a variety of useful configura- 
tions and may thus be readily adapted for use 
m widety varying environments. 

Accordingly the primary purpose and object 
of the present invention is to provide means 
whidi is effective to minimize damage result- 
ing fioom contact between rdativdy moving 
members. 

It is anodier oli^ect of die invention to pro- 
vide means which have iiniQ[uc flow couLrofi 
cfaacacteristics and wliidi tobj be txa^layfd. ts* 
restrict fluid flow ss to ^ect a desired flow 
pattern between xelativdiy movable members. 

It is a more specific object of ti»: invendoa 
to provide apparatus in which a cellular struc- 
ture is mounted on a support to provide a 
plurality of cells open at one end wd dosed 
at the other end by die support member, die 
support member bong adapted to be serared 
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assembly of a jet engine, provision ;nust be 
made for preventing fluid flow axialiy of the 
shaft between it and the surrounding annnlus. 
In accordance with the present inventbn, the 
^ clearance space between the shaft 22 and the 
annulus 24 may be increased slightiy to accom- 
modate an assembly of Figure 2 which, as 
shown particularly in Figure 4^ is arranged in 
the farm an annulus, the outer periphery 
IQ of which is d^ed by the support memter 14 
secared by any suitable means such as weld- 
ing or riveting to the inner surface of the 
annulus 24. In a construction of this typ^^ 
the hmeitromb assembly is preferably made of 
15 sheet metal having a thickness of fr<Mn .001" 
to .003". The height of die honeycomb cells 
is preferably sdeaed to provide a radial clear- 
ance of from .001" to .010" between the free 
edges <£ the and the rotating shaft 22. 
20 It will be obvious^ however, that the dearance 
may be varied to suit the requirements of the 
particular installation. 

Referring to Figure 4, the seal effected 
between the unit thereof and the shaft 22 
25 restilts from the tm*bulent fluid acticm in the 
cells 16 as illustrated diagrammatically hy the 
reference lines 26, after the fluid has passed 
between the upstream edge of the honeycomb 
and the shaft. It will be noted that the turbu- 
30 lence of the fluid is augmented by the indinar- 
tion of the axes of the cells against die direction 
of fluid flow. A series of such passes^ wiA 
snbsequmt energy dissipati<ms which result 
from the turbulence, throtdes the fluid flow 
35 . and thereby effectively seals the ^aft Both 
the lateral and vertical dimensions of the 
individual cells 16 of die honeycomb must be 
sdected to insure the desired turbulence. On 
the baas of present csperience it has been 
40 determined that the lateial dimensions of the 
cells dioold be a minimum of about .093" and 
a TTiinritniiTn rf about .125". It has been found 
that a hai^fcomb having a height substantially 
equal to the major lacem din^sim of a cell 
45 16 produces optimum results. While the unit 
of Figure 2 is preferred for use as a shaft seal 
because of the increased turbulence produced 
by the inclined cells, it has been found that 
a unit of the type shown in Figure 1 may be 
50 used with excellent results. 

As suggested above, the units described 
have a dual function whidj make them 
uniquely suitable for installation as shown in 
Figure 4. In addition to providing an effec- 
55 tive shaft seal thev also effectivdy prevent 
damage b«ween die shaft 22 and the annulus 
24 in the event of unbalance, differential 
expansion or dismrrion of these parts. If any 
of diese factors occur, die shaft 22 will contact 
60 the free edges of the cell structure rather dim 
the baddng member 14 or the annulus 24. 
Because <rf their light construction the walls 
<rf die cdls quiddy yidd and thus accom- 
modate interference by bending and/<Mr wear- 
65 ing. Since the accommodation is aoccm- 



plished immediatdy and the mass of the 
honeycomb sections inv<dved is so low, insuffr- 
ctent heat is generated to distort the shaft 
wfaidi would result in further damage. If 
desiraJsle, axxti-^gall coatings may be ap|died to 70 
the shaft or the honeycomb or both dements 
to reduce friction between the parts in the 
event of interference. 

It is to be tuiderstDod that the invention 
naay be employed wirii equally good results by 73 
the installation of the honeycomb unit on the 
rotating member as well as on the stationary 
member as shown. Further it is contemplated 
that the hcmeycomb sealing structure illus- 
trated may be used in exjunction vdtti con- 80 
ventional labyrinth rings if desbred. 

A modifled form of shaft seal is illustrated 
in Figure 6. In this installation the honey- 
comb assembly is in the form of a ring with 
a sirpport member 14 extending radially and 85 
the axes of the cells extending axially of the 
shaft 22. The honeycomb assembly ooacts 
wxdi an ammlar sealing collar 28 with essenr 
tialiv the same action as that described hi 
connecticm with Figures 4 and 5. If desired 90 
the position of the honeycomb assembly and 
the sealing collar 28 may be reversed, tfaaf is^ 
with the honeycomb assembly secured to die 
shaft 22 and die sealing collar secured to the 
fixed annulus 24. The seal thus established is 95 
equally effective whether the open ends of the 
cdl face the higjh or low pressure side of die 
system. 

Figures 7 and 8 illustrate a further success- 
fid application of die present invention. With 100 
more particular reference to these figures, 30 
indicates a con^ressor or turbine Wade sup^ 
ported for rotation by conventional means on 
a rotor hub 32. Surrounding the tips of the 
blades is a rigid housing or casing 34- In 105 
accordance with, conventional practice it is 
necessary in c»:der to maintain the efficiency 
of the blades that the inner surface of the 
housmg 34 be in dose dearance relation with 
the outer tips of the blades 30. If sufficiently HO 
dose dearances are maintained to sati^ ^tas 
requirement there is a substantial risk of inter- 
ference between the casmg and tips of the 
blades. Since the mass oi the parts is rda* 
dvdy high such interfer^ice may. paroduce 115 
disastrous results. In accordance with the 
present inventicm a structoral unit of the type 
shown in Figure 2 is interposed between the 
casing ring and die tips of the blades with 
the lacking membsr 14 preferably secured to 120 
the inner ^nf ace ci the casing 34 and die free 
edges of the honeycomb structore 12 extsend- 
ing radially inwardly into the desired dose 
dearance widi die blade tips. Accidental 
interference between the blades and the edges 125 
of the cdls is quickly accommodated by bmd- 
ing^k wearing or th^ cutting away of the li^Jit 
tfitn honeycomb section to permit uninter- 
mpted operation of the engine with htde or no 
damage to the blade. Anti-gall ooatmgs may 130 



BMSDOCID: <GB ^793886A_L> 



be used on the blades or the honeyosnb sec- 
tion to reduce the friction in the ^vent of 
inteiference. 

Since accidental xnterference is not serious, 
5 the optimum radial clearance may be used 
between the tips of die Uades and the £ree 
edges of the honeycomb and the requirement 
f go: excessive clearance to reduce the likdihood 
of interference between the blade and conven* 

10 tional rub ring is eliminated. 

It is desirable that the fluid flow between 
the blade tips and the rub ring be essentially 
laminar radun- dian turbulent since turbulence 
in the blade section decreases efiSdency. It 

15 has been determined that utilization of small 
cells in the honeycomb, for example, cells 
having lateral dimension .090'^ maintains 
the d^ired flow conditions particularly if tlie 
depth <£ the honeycomb is less than the lateral 

20 dimension of the cell. 

It has been found that the desired flow 
conditions may be promoted by use of tlie unit 
shown in Figure 2 with the axes of the cells 
inclined in the direction of rotadon erf the tur- 

25 bine blade as shown. It will be noted that this 
construction also decreases the resistance to 
deformation a£Forded by die honeycomb struc- 
ture and thus minimizes die risk of substantial 
danoage in the event xbst interference <level<^ 

30 between die honeycximb structure and. the tur- 
bine blada However, it has been found that 
excellent results may also be obtained by sub* 
. stitudng a unit ci ^pe ^own in Figure 1 
. .for a unit of the type shown in Figure 2 in the < 

35 environment of Figures 7 and 8. 

It is to be imderstood that ^^lilc, in the 
examples shown^ the present invention has 
been utilized in connectian with relativdy 
rotating parts the invention may be applied 

40 with equal succ^s to installations involving 
rdative redprocatory, osdIlat(»ry, tran^ory 
and other movements. 

In any of die foregoing forms ct the inven- 
tion particularly where laminar rather than 

AS turbtdent flow is desired, it may be advisable 
to pardally or wholly fill the ceTlnlar structure 
widi an easily wearable friaHe, preferably 
porous material, for example, a cast refractoiy 
such as magnejdum oxide xsc jdaster of paiis 

50 to gain superior sealing advantages tmder cer- 
tain ooadidcHis especially in connection with 
blade tip sealing. The filler material per se 
seed have little strengdi siocc it is fully sup- 
ported by the cellular structure. Certain foam 

55 metak xnay also be used if desired as filler 

From the foregoing it will be apparent that 
the present invention is effective to prevent 
damage between relatively moving parts 

60 operating in dose clearance rdation and is 
eflFectivc to maintain desired fluid flow con- 
ditions between parts either by establishing 
the desired flow pattern or interrupdng the 
fluid flow. 

65 What we daim is: — 



1. Apparatus comprising reladvdy movable 
parts and space sealmg or fiUing means inter- 
posed between said parts, said m.eans compris- 
ing a backing member secured to one of said 
parts and a ccliiilar assembly rigid with said 70 
hacking member and extending towards the 
other part substantially across the space 
between the parts to form a plurality of cells 
closed by said backing member and 
open at dieir other ends adjacent said other 75 
part. 

2. Apparatus as daimed in Claim 1 having 
one oi the parts forming a shaft member and 
the other part forming a surromiding casing 
member^ the backing member rigidly secured 80 
to one of said members^ and the cdlular 
assembly having a plurality of walls substan- 
tially nonnal to the backing member, said 
walls being o( sufBdcnt height to extend across 
the space between the coembers into dose 85 
clearance rdadon with the otlier of saki 
noembers* 

3. Apparatus as daimed in Claim 2, where- 
in the walls are of thin sheet metal which may 

be readily deformed by contact with saki other 90 
member. 

4. Apparanis as daimed in Claim 3 wherein 
said wbUs extend away &om said backing 
niemher a distance at least equal to the widdi 

of one of the cells of said cdlular assembly. 95 

5. Apparatus according to Claim I wherein 
the backing member is in the form of a rigid 
annulus in spaced ccmccniric relatian with th» ' 
tips of the blades of a bladed rotor, the waHs 

of the cells of the cellular assembly extending lOO 
substantially, radially of said annulus ii^ dose 
dearance relation with the tips of said rotor 
blades to form a jdurality of cdls dosed-aronp 
end by said annulus and open at the other end 
adjacent the tips <rf said rotor blades- - 105 

6. Apparatus as daimed in Claim S wherein 
the cdlular assembly is formed of xhm sheet 
metal readily deftnmable fay contact with said 
rotor blades. 

7. Apparatus as daimed in any preceding no 
claim wherdn the cdlular assembly has walls 
formed of dieet metal having a tiiidmess 61 
from .001" to .012". 

8. Apparatus as daimed in any preceding 
cl^im v^ierein the cdlular assenobly has waHs 115 . 
which are substantially normal to llie plane of 

the backing member and are arranged to form 
pol^eckal ceUs. 

9. Apparatus as daimed in any one of the 
preceding Qaims 1 to 7» wherein the orllnlar 120 
assembly has walls vtdiidi are angularly related 
and other than nonnal to the plane of the 
backing member. 

10. A|^>aratus as claimed in any preceding 
Haim having a li^t wei^t porous material at 125 
least partially filling said cellular assembly. 

11. Apparatus as daimed in any preceding 
claim wherein the cellular assembly has walls 
whidi are secured tc^cther from die baddng 
naember al<Hig substantially half their length 130 
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wlierd>y tfie outer ends of said walls are &ee 
to flex. 

IZ. Aiiparatus as daimfd in Claim 1, wiiero- 
ia ooe of the parts is in die f ooa itf a shaft 
ifae other pact is in the farm of a sunrounding 
casing^ and the backing mmiber fcnms ODe <& 
a pair of amuilar nsembers having ladidly 
extending apposed spaced faces, one of die 
ontvrilnr members bemg secured to said ^laft 
and die odier of said members being secured 
to said casing, the oellnlar assembly being 



rigid^ widi the baddng member forming one 
of said pair of annular members and estmding 
across the space into dose dearance rdation 
widi the odier annular member. IS 

13. itkpparatos comprising reladveiy noovaUle 
parts and ^laoe sealing or filling means inter- 
posed between sodi parts^ sudi as descrflsed 
widi reference to Figores 1 to 4^ Figure 6 or 
Figures 7 and 8 of the accompanying drawings. 20 

MAKKS & CLERK. 
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2 SHEETS 77,1, drawing Is a r^roduahn of 
the Original on a reduced scale. 
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BNSOOCID: <GB ^7a388BA_|_> 



